SUMMARY Intracellular microelectrode recordings from chick dystrophic myotubes in cell culture reveal a capability for innervation by neurones from either dystrophic or normal embryos. Neither neuronal class differentially affects the incidence of synapse formation at neuromuscular junctions (about 750 %) or at neural junctions (about 85%)0 the PSP frequency (about 10/sec), the maximum quantal content at neuromuscular junctions (over 70), or the resting membrane potentials of either myotubes (about -53 mV) or neurones (about -43 mV). In each culture condition about 20% of nerve-muscle cell pairs exhibit bidirectional electrical coupling. Dual innervation of a muscle and nerve cell from a common presynaptic source sometimes occurs and both muscle and nerve cells probably have multiple innervation. Assuming the capability for expression in culture of genetic differences between neurones from the dystrophic and normal chick, we conclude that these differences are not significant in the regulation of synapse formation in dystrophic chick nerve-muscle cell culture.
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The discovery of abnormalities of neural function and structure in at least some of the animal and human muscular dystrophies has evoked a fresh evaluation of inherited primary myopathic disease (Harris, 1971) . In the mouse with muscular dystrophy (see review by Harman, Tassoni, Curtis, and Hollinshead, 1963) electrophysiological evidence suggests functional disorders of motoneurone, soma, axon, and endplate, as well as of the muscle fibre membrane (Conrad and Glaser, 1964; McComas and Mossawy, 1965; McComas and Mrozek, 1967) and fibre counts of motor nerves are lower in mutant than in control mice (Harris, Wallace, and Wing, 1972) . In the chicken with muscular dystrophy (here termed dystrophic chick) there appears to be a decreased release of acetylcholine in the face of normal reserves of that transmitter and slower rates of rise of the muscle action potential (see review by Julian and Asmundson, 1963) , both perhaps on the basis of lowered sodium permeability (Albuquerque and Warnick, 1971 ). In the human, evidence for a neurogenic process dystrophic host and dystrophic muscle reinnervates normally when transplanted to a normal host (Salafsky, 1971) ; neither is changed when reimplanted beneath the renal capsule instead of a homotopic limb site (Rolston, 1972) . Exchanged transplants between dystrophic and normal hamsters similarly degenerate in the dystrophic host but remain unaltered in the normal animal (Jasmin and Bokdawala, 1970) , while, in the dystrophic chicken, neither of the exchanged transplants is affected by the new host environments (Cosmos and Butler, 1972) . Clearly, there are different regulatory mechanisms in these different animal muscular dystrophies. Vascular (Mendell, Engel, and Derrer, 1971) and immunological (Caspary, Currie, and Field, 1971) factors have also been suggested.
An alternative way of interacting dystrophic and normal nerve and muscle cells in desired proportions is offered by the isolated and controlled environmental system of tissue culture. In addition, new techniques for preparing cultures from single dissociated cells which subsequently grow on the surface of the dish in one or at most a few layers frequently make possible the full pre-and post-junctional visualization of a living nerve and muscle cell under phase contrast microscopy. Using these cultures in conjunction with intracellular microelectrode techniques, Fischbach (1972) has recently demonstrated that chick spinal cord neurones are capable of innervating chick pectoral myotubes in culture and that transmitter release in culture conforms generally to the quantum hypothesis.
In our work we prepared similar cultures, but of dystrophic myotubes and added neurones from either dystrophic or normal embryos. We show a high incidence of synapse formation under both conditions, electrical coupling between nerve and muscle cells, as well as evidence for multiple innervation and discuss these findings with regard to current concepts of muscular dystrophy.
METHODS
The dystrophic flock of chickens was hatched from eggs given to us by Dr MUSCLE CELL CULTURES The stages in preparation of muscle cell cultures relatively free of fibroblasts were similar to those described by Fischbach (1972) . First single cells were obtained (Shimada, Fischman, and Moscona, 1969 ) by a combination of trypsin and mechanical dissociation and filtration (see 'Dissociation'). The suspension of cells from one breast plate (two pectoral muscles) in 18 ml. MEM/ 10/10 (see 'Medium') was divided into six tissue culture dishes (60 mm, Falcon Plastics, no. 3002) and incubated at 370 C for 30 minutes differentially to separate fibroblasts, which rapidly adhere to the plastic, from myoblasts which are still floating in the medium or are only lightly attached after this period of incubation (Yaffe, 1968) . The floating myoblasts were decanted and yielded about 6 x 106 viable cells as determined by Nigrosin exclusion. They were plated at 5 x 105 cells/60 mm dish (2-4 x 104 cells/ cm2) in MEM/10/10. The surface of each dish was coated with 50 ,tg rat tail collagen (Bornstein, 1958) . About 48 hours after plating the medium was changed with MEM/2/10 (see 'Medium') containing aminopterin, 4 x 10 -7M, in order to reduce proliferation of surviving fibroblasts (Fischbach, 1972; Peacock, Nelson, and Goldstone, 1973 Culture medium was always replaced with fresh medium (MEM/2/10) on the day preceding an electrophysiological experiment and cultures were then studied in this medium.
RESULTS
The data presented here are from dystrophic myotube (DM) cultures to which either neurones from dystrophic embryos, called dystrophic neurones (DN), or from normal embryos, called normal neurones (NN), were added and the combined cultures designated either DN/DM or NN/DM. Normal myotube cultures with added neurones were grown as well but were not studied systematically. Figure 1A shows a neurone and myotube pair (note microelectrode shadows) in a DN/DM culture relatively free of fibroblasts. Direct electrical stimulation of the neurone elicits action potentials (Fig. 1B, lower trace) which is followed by a PSP recorded from the myotube (Fig. 1B, Fig. 2A with that in Fig. 2B ). Both cultures were otherwise maintained in low embryo extract medium (Fischbach, 1972) (Fig. 4) . Both DN and NN are fired (Fig. 4A1 , second trace, and Fig. 4B1, third trace) by brief current pulses and are followed after a short latency by excitatory PSPs in the myotube. Potentiation of PSP amplitude occurs in each case when a second presynaptic activation follows shortly after the first (Fig. 4A2, lower trace, and Fig. 4B2 , third trace).
The incidence of synapse formation ( Complex patterns of synaptic interaction were seen, as in Fig. 6 for example, which required a network of at least three neurones and one myotube to explain the data. There is electrical coupling between the nerve-muscle cell pair in Fig. 6A and common innervation of the nervemuscle cell pair in Fig. 6B (note that this is the same muscle cell as in Fig. 6A but the muscle cell is not electrically coupled to nerve 2). We therefore conclude that a third neurone innervated both nerve cell 2 and the myotube which in turn was electrically coupled to nerve cell 1. A fourth neurone may be involved which produced the PSP (arrow in Fig. 6B ) which was recorded from nerve 2 but not from the muscle. Alternatively this PSP may represent a spontaneous, miniature PSP but it is rather large to be explained on this basis. Muscle-muscle (5) 3 (60) N-nerve/D-muscle Nerve-muscle (9) 1 (11) Muscle-muscle (7) The innervation of both myotube and neurone from a common source (Fig. 6 ) probably is indicative of the existence of cholinoceptive neurones in these cultures. We did not use acetylcholine blocking agents, but d-tubocurarine blocks synaptic potentials at the neuromuscular junction in culture (Fischbach, 1972) (Fischbach, 1972) and the suggestion has been made that these findings represent early, possibly embryonic, stages of synapse formation. In our well-established and morphologically mature cultures, it is possible that the electrical coupling and multiple innervation represents a persistence of early stages of synaptogenesis. Persistence of embryonic properties has been reported for dystrophic chick muscle by several investigators (see Wilson, Kaplan, Merhoff, and Mori, 1970) . This lack of repression of the embryonic state in mature cultures could well be specified by the dystrophic myotube. Certainly the bi-directional electrical coupling indicates that a mechanism exists for the exchange of molecular information between nerve and muscle cells. Our data lead us to speculate that the dystrophic myotube is regulating the expression of neuronal characteristics and that a myotypic rather than a neurotrophic phenomenon is responsible for our results.
